Physics 11 — 4 Momentum and Energy


4.1 Momentum and Impulse

Momentum can be thought of as a quantification of inertia.  Momentum is a vector quantity (p) that is the product of an object’s mass and velocity.

p = mv

Units for momentum are kg•m•s-1.

The direction of the momentum is in the same direction as the velocity.

Ex 1:
A 1.20 kg block is sliding north at 2.55 m/s.  What is the block’s momentum?

Ex 2: 
The same 1.20 kg block sliding at 3.70 m/s north hits a wall and rebounds at 1.20 m/s south.  What is the objects change in momentum? 


To change the momentum of an object requires a change in velocity.  A change in velocity requires acceleration which requires a force.
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Newton developed his laws of motion using momentum.

To change the momentum of an object (m∆v) requires a force acting over a period of time.
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A change in momentum is called impulse.

Impulse is measured in Newton seconds (N•s).  This carries the same value as kg•m•s-1, but is used for impulse.

Ex 3:
A 850 kg car traveling at 25 m/s collides with a very strong wall and comes to a stop.  What is the impulse on the car?

Would this collision be safer if it occurred over a shorter time or a longer time?

Ex 4:
 A 0.14 kg ball moving at 38 m/s is hit by a bat and is now moving at 42 m/s in the opposite direction.  The collision with the bat takes 0.17 s. What is the average force acting on the ball? 


Impulse can be determined graphically from the area under a Force vs. time graph.
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Ex 5: A 4.0 kg cart moving at 8.0 m/s experienced the force shown below.  What is its final velocity? 
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p. 233, 1, 3, 5

pp. 250-255, 33, 46, 49, 56, 57, 65, 66, 69, 72


4.2 1-D Collisions

The momentum of a closed system is conserved.

This is a closed system for forces, that means we are only using forces that are pared through Newton’s 3rd law.

If momentum is conserved, then the momentum before a force interaction must be the same as the momentum after the force interaction (collision).

Newton’s 3rd Law

FAB = - FBA

The time for FAB is the same as the time for FBA so:

FAB ∆t = - FBA ∆t

impulse on A = - impulse on B

The net impulse is zero, so the momentum before the collision must be equal to the momentum after the collision.
Momentum is a vector quantity.  Two identical cars moving with opposite velocity will have a total momentum of zero.

Momentum is conserved in every interaction between two objects.

Ex 1:
A 25,000 kg train car is rolling at 12.0 m/s.  It collides with a stationary train car with mass of 18,000 kg.  If the two cars stick together, what is the combined velocity of the two cars after the collision?


Ex 2:
A 850 g cart with a rubber bumper moving at 2.5 m/s collides with a second 650 g cart moving at 3.5 m/s in the opposite direction.  The first cart recoils at 1.0 m/s.  What is the velocity of the second cart?

Ex 3:
Two skateboarders are standing stationary as they push against each others hands.  The first person with mass of 65 kg is now moving at 4.5 m/s.  How fast is the second person (m = 35 kg) moving?

Does it matter who pushed whom?

Ex 4:
A 85 g bullet is fired through a 12 kg bag of flour.  Before hitting the bag, the bullet is moving at 450 m/s.  After hitting the bag it is moving at 250 m/s.  What is the momentum transferred to the flour bag?

p. 238, 13, 15, 17

p. 240, 19, 21

pp. 250-253, 40, 53, 55, 75-78, 80, 82

4.3 Work

In physics, work is done when a force (F) is exerted on an object and the object is displaced (d). 

W = Fd
The work that is done is the amount of energy that is transferred to the object.

The force and displacement must be in the same dimension.  Work is a scalar quantity measured in Joules (J).  A 1 N force acting through 1 m does 1 J of work.

Work is calculated with constant or average forces.

For our purposes, work will be converted into Kinetic energy, potential energy, of heat energy through friction.

Kinetic Energy is the energy an object has because of its motion

Potential Energy (gravitational or elastic) is the energy an object has because of its position.

Energy is the ability to do work.

Ex 1:
A weightlifter lifts a 225 kg mass off the ground to a height of 1.50 m.  He then lowers the mass to his waist, a height of 1.1 m.  How much work is done lifting the mass and lowering the mass?


Ex 2:
An archer exerts an average force of 135 N to pull a bowstring 85 cm.  How much energy is stored in the bow?

If a force is not constant, the work can be calculated by finding the area under a Force vs. displacement graph.

The variable force will be shown by the shape of the graph.

Ex 3:  

Find the work to move from 20 to 50 m.
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Power is the rate of doing work.

Power is measured in Watts (W).  1 W equal 1 joule per second.

One horsepower is 746 W.  This was intended to be the rate of work of a horse over an eight hour day.

Ex 4:
A conveyer belt can lift 25 1.5 kg boxes in 1.0 minutes.  The machine lifts the boxes 8.0 m vertically.  What power does the conveyer belt develop?


Ex 5: 
A car’s engine must provide 275 N of force to move a car at a constant 35 m/s.  What power is the engine producing?

Where is the energy going?

p. 261, 3

p. 264, 9, 11, 13

pp. 278-280, 37, 39, 53, 55, 56, 58, 71, 78
4.4 Work Energy Theorem

Work is the transfer of energy.  We will work with Kinetic, elastic, gravitational, and heat energy.

If an object gained 150 kJ of kinetic energy, we can conclude that at least 150 kJ of work was done on it.

Kinetic Energy is the energy an object has because of its motion.
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If work is converted to kinetic energy, we can use kinematics to calculate the energy:

Kinetic Energy: KE = 1/2 mv2
Kinetic energy is  a scalar quantity.  The vector information is lost when the velocity is squared.

Energy is measured in joules.


Ex 1:
What work is required to increase the speed of a 650 kg car from 0 to 10 m/s?

From 40 m/s to 50 m/s?

Gravitational Potential energy is stored by doing work against gravity by lifting an object.

To lift an object against gravity requires a force of mg.  The object is lifted through a height change ∆h.

The potential energy of an object is defined as: 

PE = mgh
at a height h above a standard height.

Ex 2:
How much work must be done to lift a 27 kg mass through a height of 120 m?


Elastic Potential energy is the energy stored in a spring.

The Force to stretch a spring is variable.

The are under a F vs. d graph for a spring is the area under the graph.

Elastic energy = 1/2 kx2 where k is the spring constant in N/m

Ex 3:
Find the energy stored in the spring to stretch to 0.30 m.

Show how the formula is derived.
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p. 280, 72

p. 287, 1, 3

p. 291, 5, 7

pp. 306-307, 34-36, 44, 55, 59-61, 67, 71


4.5 Conservation of Energy

Work is the transfer of energy.  Energy is a conserved quantity.  Energy is not created or destroyed, it is just transformed from one form to another.

For many systems, mechanical energy is conserved.  

Mechanical energy is the kinetic energy and the gravitational potential energy of a system.

For these systems, with no friction, the mechanical energy of a system is conserved

The mechanical energy of a pendulum:
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Ex 1: 
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A roller coaster car (m = 125 kg) passes point “A” with a velocity of 2.0 m/s.  If there is no friction, what is its velocity at “B” and “C” ?

If friction is involved, the mechanical energy of the system will decrease as energy is converted to heat energy through friction.

To calculate the energy lost to friction, the difference between the actual energy and the theoretical energy must be calculated.

Ex 2:
The 125 kg roller coaster car has a velocity of 2.0 m/s at point “A” and point “C”.  How much energy was lost to friction?

p. 297, 15, 17

p. 306, 38

p. 308, 74, 75, 77, 79-82, 85


4.6 Collisions and Energy

Momentum is conserved in all collisions.

Energy is conserved in all collisions.

Kinetic energy is conserved in only some collisions.

A collision that conserves Kinetic Energy is called an elastic collision.

If friction is involved in the collision, the collision is not elastic.  Collisions that have the objects stuck together involve friction.

Ex 1:
Two masses (1.5 kg and 2.5 kg) are pushed apart by a spring.  The heavier mass moves at 2.0 m/s after the spring is released.  How much kinetic energy was released by the spring?

Ex 2:
A 2500 kg truck moving at 23.0 m/s collides with a stationary 650 kg car.  The two vehicles stick together after the collision.  How much Kinetic energy is lost in this collision?

Ex 3:
A 0.096 kg bullet with velocity of 450 m/s hits and sticks into a stationary 1.5 kg block.  The block slides on a surface with µk = 0.30.  How far does the block slide on this surface?


Ex 4:
A 0.096 kg bullet with a velocity of 250 m/s hits and sticks into a stationary 1.5 kg block.  The block is mass on the end of a pendulum.  How high does the pendulum swing?

If a collision is elastic, then there are two equations that describe the collision:
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Two equations allows a solution for two unknowns.

Ex 5:
A 2.0 kg ball moving at 5.0 m/s collides elastically with a 1.0 kg ball initially at rest.  What is the velocity of both balls after the collision?

p. 306, 39, 46

p. 309, 78, 88, 89, 92-95
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